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[57] ABSTRACT 

A method for producing a vertical-cavity surface-emiiiiDg 
laser, includes the steps of: forming a bottom mirror layer, 
m active layer aad a top mirror layer on a semiconductor 
substrate; fonning an antirejBection lay^r on a rear surface of 
the semiconductor substrate; selectively etching peripheral 
portions of the antireflection layer to form a first electrode; 
defining laser emission portions through etching processing; 
forming a hydrogenated barrier over an entire surface of the 
resultant structure; forming a post; forming a passivation 
layer through the hydrogenating of the exposed top mirror 
layer and the portions of the active layer; forming a pla- 
narization film after the partial exposure of the top mirror 
and fonning a second electrode pad to which the eicposed top 
mirror layer contacts. 

7 Claims^ 4 Drawing Sheets 
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MKTHOD FOR PRODUCING A 
HYDROGENATED VERTTCAL-CAVITY 
SURFACE-EMUTING LASER 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention icUtcs to a method for fabricating 
a vertical-cavity surface-emitting laser and, more partioi- 
larly to a method for producing a vertical-cavity surface- jq 
emitting laser comprising hydrogenating of some portions of 
a top mirror layer and active layer in an atmoq)here of 
hydrogen plasma. 

2. Description of the Conventional Art 
Vertical-cmty surface-emitting lasers have been intea- 

sively investigated because of their advantages of an effec- 
tive coupling to optical fiber for applications in optical 
computing and fiber communicatioos^ as well as an easy 
fabrication of a two-dimensional laser array. 

A number of different approaches have been used in 
isolating the vertical-cavity surface-emitting laser devices 
from each other. 

For an isolation, a cavity is subjected to an etching 
process, an active layer is subjected to impurity 25 
implantation, or wet oxidation may be used. 

The approach employing an ion-beam etching process for 
the cavity results iu lattice damage at the surface of the 
cavity, which increases in the leakage current. The device for 
a single mode emission reqiiires a decrease in size thereof 3Q 
below 10 micrometer, which exhibits a signihcant increase 
in the leakage current at the device surface, thereby resulting 
in higher threshold cunents and lower output power char- 
acteristics. 

The approach employing impurity implantation results in 35 
lattice damage at the active region, which acts SiS a cause of 
the recombination and thus increases in the threshold cur- 
rent. Furthermore^ because impurity implantatioa is carried 
out from the device surface, it has difficulty io fabricadng the 
device having smaller current implantation range below 40 
about 5 micrometer. 

The approach employing the wet oxidation, which is to 
electrically isolate the devices through an oxidation to make 
an oxidized Al layer, is widely used so as to obtain lower 
threshold current characteristics. However, the low refrac- ^ 
tive index of Al oxide causes the lasers to be operated as a 
refractive-induced type device, so the required single mode 
emission feature cannot thus be readily obtained. 
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Accordingly, it is an object of the present invention to 
provide a method for fabricating a vertical-cavity surface- 
emitting laser having characteristics of low threshold current 
and a single mode emission which can be achieved by 
eUcctively isolating devices through hydrogenation in an 
atmosphere of hydrogen plasma. 

To achieve the above objects, there is provided a method 
for producing a vertical-cavity surface -emitting laser com- 
prising the steps of: sequentially forming a bottom mirror 
layer, an active layer and a top mirror layer on a compound 
semiconductor substrate; forming an antireflection layer on 
a rear surface of the compound semiconductor substrate; 
selectively etching predetermined peripheral portions of the 
antireflectiDn layer, and then forming a first electrode; ^5 

forming a first photoresist pattern on a surface of the top 
mirror layer to define laser emission portions, and 



removing the first photoresist pattern after selectively 
etching portions of the top mirror layer by using the 
first photoresist pattern as a mask; forming a protection 
layer for hydrogenation barrier over an entire surface of 
the resultant structure; forming a second photoresist 
pattern on a surface of the protection layer for hydro- 
genation of a post, and removing the second photoresist 
pattern, after selectively etching the protection layer for 
hydrogenation, the top mirror layer and portions of the 
active layer by using the second photoresist pattern as 
a mask; forming a passivation layer through the hydro- 
genation of the exposed top mirror layer and the 
portions of the active layer; exposing the top mirror 
layer by etching the protection layer over the surface of 
the post; forming a planarization film over an entire 
surface of the resultant structure, and exposing the top 
mirror layer on the post; and forming a second elec- 
trode pad to which the exposed top mirror layer con- 
tacts. 

BRIEF DESCRIPTION OF THE DRAWrNGvS 

The present invention will become more fully understood 
to following detailed description taken in conjunction with 
the accompanying drawings, wherein: 

FIGS. 1 through 8 are cross-sectional views illustrating a 
method for producing a vertical-cavity surface -emitting 
laser according to the present invention, 

DETAILED DESCRIPTION OF THE 
INVENTION 

The prefeixed embodiment according to the present inven- 
tion will now be described in detail in accordance with the 
accompanying drawings. 

As shown in FIG, 1, on a GaAs-based compound serai- 
conductor substrate 1 a bottom mirror 2, an active layer 3 
and a top mirror 4 are sequentially formed, and then on a rear 
surface of the semiconductor substrate 1 are formed multi- 
layered thin fihns o ^mWIE^a s an witirefiection layer 5 
while satisfying antireflection requirements. Then, the selec- 
tive etching of peripheral portions of the antirefiection layer 
5 leaves an n-type electrode 6, 

As shown in FIG. 2, on an overall surface of the resultant 
stmcture is coated with a photoresist and then patterned so 
as to result in the photoresist pattern 7. Using this pattern 7 
as an etch barrier against an ion beam etching, some portions 
of a top mirror layer 4 are etched to form a post. 

Next, as shown in FIG. 3, after removal of the photoresist 
film 7, a protection layer S for hydrogenation of SiNx or 
SiOx having a thickness of about 300 nm is deposited using 
a chemical vapor deposition or a plasma enhanced chemical 
vapor deposition on the entire surface of the resnltant 
Stmcture at a temperature of about 300-degree Celsius. 

Then, as shown in FIG, 4, a photoresist pattern 9 of an 
area about 0.5-1 micrometer wider than that of the post is 
formed on the sur&ce of the post and used as an etch barrier 
so as to result in a structure of FIG. 4 having the protection 
layer 8, the remaining top mirror layer 4 and some portion 
of the active layer 4 etched. 

Nejct, as shown in FIG. 5, using an exposed top mirror 
layer 4 and some portions of the active layer 3 as a barrier 
against the hydrogenation, the stmcture is subjected to the 
hydrogenation processing at a temperature of around 
250—400 degree celsius tmder a hydrogen pressure of about 
1 Torr, for about 0.5 to 2 hours. At this time, due to the 
hydrogenation, some portions of the top mirror layer 4 and 
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the active layer 3 exposed except for the protection layer 8 
cm be provided with an electrically hydrogenatioa area 10 
havk^ a depth of around 0,5-20 micrometers which vary 
with the set process temperature and time period. 

Next, as shown in FIG, 6, the protection layer on the post 
is removed to allow the subsequent contact to a p-type 
electrode, which leaves the top layer 4 exposed. The pro- 
tection layer 8 is etched away by using a fluorine-based 
reactive ion etching. 

Next, as shown in FIG. 7, over the entire surfa.ce of the 
resultant structure is formed a polyiraide film 11 for a 
planarization, and then the top mirror layer 4 on the post is 
again exposed. 

Fiually, as shown la FIG. 8, the exposed top layer 4 is 
provided with a p-type electrode pad 12 which contacts 
thereto, resulting in completion of the vertical-cavity 
surface-emitting laser. 

To obtain the vertical^cavity surface -emitting laser of low 
threshold current and single mode emittiag characteristics, 
research has been intensively carried out. However, it is very 
difficult to provide fabrication method satisfying both such 
requirements. 

Hydrogen a tior» causes an electrical passivation of the 
semiconductor, but the refiractive index thereof almost 
remains unchanged, resulting in the unchanged optical fea- 
tures. Accordingly, the employed hydrogenation electrically 
provides a smaller passivation area by 40 micrometer in 
diameter than that of the post which is formed by etching, 
and optically provides no optical damage at the top mirror 
layer fonned by etching, In addition, the partial protection of 
the top mirror layer by the use of the hydrogenated barrier 
allows the current injection area of the top mirror to be wider 
than that of the active layer, so that the serial resistance can 
thus be reduced. Therefore, the hydrogenated surface- 
emitting device according to the present invention effec- 
tively accomphshes the current and optical confinements, 
whereby low threshold current and single mode emitting 
features can be obtained. 

In conclusion, the hydrogenated surface-emitting laser '^o 
according to the present invention accomplishes advanta- 
geous effect in that the size thereof can be effectively 
reduced from an electrical passivation through the hydro- 
genation processing of portions of cavity after forming the 
post by etching. Further, since the active layer is smaller as ^5 
compared to the top mirror layer into which the current is 
injected, low threshold current characteristics can be 
obtained. The single mode emitting feature is feasible 
because the optical features of the top. mirror layer remains 
unchanged regardless of the hydrogenation. 

The present invention has the foEowing effects. First, 
after forming the post by tising ion beam etching technique, 
portions of the cavity are subjected to the hydrogenation 
with the protection film as a mask applied so as to result in 
an electrical passivation, so the device size can thus be 
effectively reduced. 

Second, since smaller active layer as compared to the 
current injection area can be formed and damages at the 
surface which may occur when conducting etching during 
the hydrogenation arc inactivated, the leakage current is 
reduced, thus allowing low threshold current characteristics. 
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Third, GaAs-based compounds providing a constant 
refiractive Index regardless of the hydrogenation is effec- 
tively employed in deriving the feature of the single mode 
emission. 

While the present invention has been described with 
respect to certain preferred embodiment only, other modi- 
fications and variations may be made without departing from 
the scope of the present invention as set forth in the 
following claims. 

What 15 claimed is: 

1. A method for producing a verdcal-cavity surface- 
emitting laser comprising the steps of: 

sequentially forming a bottom mirror layer, m active 
layer and a top mirror layer on a compound semicon- 
ductor substrate; 

forming an antireflection layer on a rear surface of the 
compound semiconductor substrate; 

selectively etching predetermined peripheral portions of 
the antirefiecdon layer, and then forming a first elec- 
trode; 

forming a first photoresist pattern on a surface of the top 
mirror layer to define laser emission portions, and 
removing the first photoresist pattern after selectively 
etching portions of the top mirror layer by using the 
first photoresist pattern as a mask; 

forming a protection layer for hydrogenation barrier over 
an entire surface of the resultant structare; 

forming a second photoresist pattern on a surface of the 
protection layer for hydrogenation barrier of a post, and 
removing the second photoresist pattern after sclec- 
tively etching the hydrogenated barrier, the top mirror 
layer and portions of the acdve layer by- using the 
second photoresist pattern as a mask; 

forming a passivation layer through the hydrogenating of 
the exposed top mirror layer and the portions of the 
active layer; 

exposing the top mirror layer by etching the protection 
layer for hydrogenation barrier over the surface of the 
post; 

forming a planarization layer over an entire surface of the 
resultant structure, and exposing the top tniiror layer on 
the post; and 

forming a second electrode pad to which the exposed top 
mirror layer contacts. 

2. The method as defined in claim t, wherein the pla- 
narization film con^rises a layer of polyimide, 

3. The method as defined in claim 1, wherein the hydro- 
genated barrier comprises one of siUcon-oxide layer or 
silicon-nitride layer. 

4. The method as defined in claim 1, wherein the passi- 
vation layer has a thickness of around 0.5 to 20 micrometer. 

5. The method as defined in claim 4^ wherein the step of 
hydrogenating is performed at the atmosphere of hydrogen 
plasma having a pressure of about lO"""^ Torr to 1 Torr 

6. The method as defined in claim 5, wherein the step of 
hydrogenating is performed at temperature of around 250 to 
500 degree cclsius. 

7. The method as defined in claim 6, wherein the step of 
hydrogenating is performed for about 0,5 to 2 hours. 



